Although there has been little study of the origin of intramammary infection (IMI) in goats, a common view is that most bacterial infection in goats occurs during milking. In the present study, the dynamics of occurrence of udder infection during and between lactations in three Anglo-Nubian goat farms in Israel was monitored. Coagulase-negative staphylococci were the predominant bacteria in the IMIs. We found that about 15 % of the yearling does were already infected with bacteria when they joined the flock, whereas about 8 % of the goats that dried-off returned with new IMIs. Moreover, virtually none of the goats acquired infection during lactation. Thus, our study showed that the aetiology of IMI in goats is very similar to that in dairy cows. A preventive treatment during the dry period should, therefore, be considered as an effective means of reducing the current rate of bacterial infections in goats.
Worldwide, intramammary infection (IMI) in small (sheep and goats) and large (cows) ruminants is a major cause of economic loss to the dairy industry (Ravinderpal et al. 1990; Ott, 1999 ; Leitner et al. 2004a, b, c; . Effective control of new IMI cases and, consequently, of somatic cell counts (SCC) in the milk of dairy animals is aided by an understanding of the pathogens involved, the source of infection and the frequency of spontaneous cures. Prevalence of IMI depends on the occurrence of new IMI cases and the duration of existing infections, the latter of which is affected by therapy and spontaneous cures (Lam et al. 1977) .
In heifers, high prevalence of IMI with coagulase negative staphylococci (CNS) and Staphylococcus aureus was reported, with indications that it occurred before the first lactation (Oliver & Mitchell, 1983; Fox et al. 1995 ; Myllys, 1995 ; Nickerson et al. 1995 ; de Vliegher et al. 2003) . Roberson et al. (1994) reported that heifers infected with Staph. aureus at parturition represented nearly onethird of the new cases of IMI with Staph. aureus in dairy herds.
In mature cows, it is well established that the beginning of the dry period (Cousins et al. 1980 ; Smith et al. 1985; Dingwell et al. 2003; Rajala-Schultz et al. 2005 ) and the period around parturition (Sordillo, 2005) are associated with increased risk of IMI. Most notably, the 2-week prior to calving through the first 3 weeks of lactation have long been recognized as a period when key host defence mechanisms are altered dramatically (Sordillo et al. 1997; Sordillo & Streicher, 2002) . The increased risk of IMI during the start of the dry period in dairy cows is closely related to milk yield at drying off (Cousins et al. 1980; Smith et al. 1985; Rajala-Schultz et al. 2005) . Recently, it was postulated that selection for high milk yield may result in redundancy or slow activation of the innate immune system, which could contribute to the acquisition of IMI at the start of the dry period (Silanikove et al. 2005) .
The dynamics of IMI with CNS or other pathogens in goats are poorly documented. In spite of this, the perception that IMI in goats occurs mainly during milking appears to be deeply rooted in the scientific literature, and this concept is frequently cited in research papers (Sinapis & Vlachos, 1999; Albenzio et al. 2003; Contreras et al. 2003 ) and reviews (Haenlein, 2002; Bergonier et al. 2003) .
Since, to a large extent, the aetiology of IMI dictates the management and veterinary strategies to control this disease, we followed the changes occurring in udder infections during and between lactations in three AngloNubian goat farms with self-maintained population and good management practices.
Materials and Methods

Herds and sampling plan
The study extended from February 2002 to January 2004 with three Anglo-Nubian goat farms. At the time of first sampling, most goats were 100 or more days in milk (DIM). Overall, the study involved 377 goats in three flocks, of 101, 134 and 142 animals, respectively, in lactations 1-8. Goats were milked until natural drying off, or were dried off 60 d before the following parturition. During the study the goats in Farm 1 kidded in October 2002, April 2003 or both, and those in Farms 2 and 3 kidded in December 2002, January 2004, or both. There was an average of 1 . 8-2 . 2 kids/goat, and they were removed from their mothers immediately after birth. At the time of first sampling the numbers of goats in the three farms in first, second, or third or more lactations, respectively, were: Farm 1, 54, 19 and 28 ; Farm 2, 42, 19 and 73 ; and Farm 3, 43, 44 and 55 . In Farm 1 all the udder halves of the milking goats were tested monthly until drying-off for bacterial conditions, SCC and milk gross composition (protein, fat and lactose). Bacteriological examination of half-udder secretions was performed on the colostrum on the day of parturition, after which the tests noted above were applied at 10 d post partum (PP) and every 4-5 weeks thereafter until drying off or the end of the study. In Farms 2 and 3, goats were tested once in mid-lactation, once before drying-off, once at 10-20 d PP, and once again at the following mid-lactation. The goats were dried off no later than 60 d before parturition.
At drying off, goats found to have bacterial udder infection were given intramammary treatment with a commercial cattle dry-off medication, Vetipen DC (Vetimex, Bladel, The Netherlands), each tube of which contained a combination of procaine benzylpenicillin (300 mg), nafcillin (109 . 65 mg) and dihydrostreptomycin (125 mg). The dose was a whole tube per udder half. Goats were machine milked twice daily at 5.00 and 15.00, with pre-milking cleaning and stripping and post-milking teat dipping. Average lactation milk yield of the flock was 650 l per goat, and the daily yield was 1-5 l per goat. In Farm 1, goats were kept in an open shelter, with 4 m 2 of shaded slatted floor and 4 m 2 of concrete-surfaced yard for each goat. Food was offered in indoor mangers located in the sheds. The other two farms were based on forest grazing, with a supplement of 500 g of grain per goat in the milking parlour.
Milk sampling
Goats were sampled during the morning milking. Samples were taken aseptically according to the International Dairy Federation (IDF) procedures (1985) , and were submitted to the laboratory within 2 h. Prior to sampling, udder halves were cleaned and disinfected with a MediWipe (Al Baad, Massuot Itzhak, Israel), non-woven cloth moistened with chlorhexidine, cetrimide and ethanol. The first three squirts of milk were discarded and approx. 5 ml milk was taken in a sterile tube for bacteriological testing and California mastitis test (CMT). Afterwards, 50 ml milk was taken and preserved with Broad Spectrum Microtabs Õ II (D & F Control Systems Inc., Dublin CA, USA) and sent to the central laboratory of the Israeli Cattle Breeders Association, Caesarea, for analysis of the gross composition of the milk with a Milkoscan 6000 and SCC with a Fossomatic 360 (Foss Electric, Hillerød, Denmark). Both instruments had been calibrated with goat milk. At the time of sampling, udder morphology was recorded according to the visual classification : normal, two symmetrical glands with no hardness during palpation ; degenerated, asymmetrical udder with/without hardness in at least one gland ; or drying off, < 300 ml of milk.
A gland was considered infected by a bacterium when a plate showed >3 clear cfu, which was accompanied by an increase of CMT ( >1). A positive plate which was not accompanied by CMT >1 or a negative plate with a positive CMT score was considered suspicious and the gland was re-tested. Colostrum samples were tested as above for bacteriology but the gland was considered positive only when the following test, 10 d PP, supported the finding.
Bacteriological examinations
Bacteriological analysis was performed according to accepted standards (Hogan et al. 1999) . From every milk sample, 0 . 01 ml was spread onto blood-agar plates (BactoAgar, Difco Laboratory, Becton, Dickinson and Company, Le Pont de Claix, France) containing 5% of washed sheep red blood cells and onto MacConkey plates. All plates were incubated at 37 8C and examined for growth after 18 and 42 h. Colonies suspected to be staphylococci were tested for coagulase (tube test) (Anilab, Rehovot, Israel). Strains were identified with the API STAPH-IDENT, 32 Staph Kit (bioMerieux, Marcy-l'Etoile, France). When the percentage of micrococci-like bacteria that matched the test strain exceeded 90 %, the strain was regarded as specific. Gram negative colonies were identified with the API 20 E or API NE kit (bioMerieux, Marcy-l'Etoile, France).
Statistical analysis
Data were analysed with the JMP statistical software (SAS Institute, 2002) , using a randomized-blocks design, in which flocks served as blocks, and with two levels of the bacteriological status within each block :
where m is the grand mean ; b j is the jth flocks variance ; a i is the effect of the ith lactation; c k is the effect of the kth pregnancy condition; ac ik is the interaction between lactation and pregnancy; e ijk 1 is the between-animal error ; d l is the effect of the l th bacterial condition ; ad il is the interaction between lactation and bacterial condition ; ad iK is the interaction between bacterial condition and pregnancy; e m is the effect of the mth udder-half; l n is the effect of the nth udder morphology ; dl ln is the interaction between bacterial condition and udder morphology ; p is the covariant effect of DIM, and e 2 ijklmn represents the between-udder within-animal error. The lactation, pregnancy condition and flock were tested against the between-animal error, and the bacterial morphology, udder-half, udder condition, DIM and all interactions were tested against the between-udder within-animal error. Statistical effects were considered significant at P <0 . 05.
No significant difference in log SCC was found among the infections with the various CNS species ; therefore, the analysis was applied across species.
Results
At the time of first sampling, most goats were 100 or more DIM ; the remainder (dry and new replacements) entered the study after parturition. Of the 754 halves in the 377 goats tested, 28 . 8 % were infected with various Staphylococcus species : Staph. aureus, 9 . 6%; Staph. chromogenes, 3 . 3%; Staph. epidermidis, 5 . 9%; Staph. simulans, 5 . 5%; and Staph. caprae, 3 . 3%; or Corynebacteria sp., 1 . 5% (Table 1 ). The percentage of udder infections with both Staph. aureus and the various CNS were significantly higher in goats at their third or higher lactation. There was no significant difference among the three flocks, in their levels of infection and the distribution of infection level according to lactation. Several animals were culled because of fertility problems and a few were removed from the list because of an unknown cause of death.
During lactation, none of the infected halves was spontaneously cured of the bacteria (Table 2 ). At drying off, each of the infected udder halves received intramammary treatment with the commercial cattle dry-off preparation according to the cattle protocol. In goats infected with Staphylococcus species, 22 . 8 % of infected glands were recorded as cured at the subsequent lactation, according to the colostrum sample and sampling at 10 d PP in Farm 1 and 10-20 d in Farms 2 and 3 (Table 2) . Under the same conditions, the curing of Staph. aureus or Staph. chromogenes infections were < 10 % and that of those infected with Staph. epidermidis or Staph. simulans, y40%.
During the course of the dry-off period, 7 . 5 % of the halves that had not been infected at the previous lactation became infected (Table 2) . Thus, new infection (NI) occurred only during the dry-off period. An additional source of NI was the young goats that entered lactation during the study : y15 % of the goats tested immediately after first parturition were already infected with bacteria.
SCC in the infected glands was significantly (P <0 . 0001) and positively dependent on over-flock bacteriological udder-half infection, lactation number, pregnancy, udder morphology and DIM. Increased SCC was also reflected in increased CMT. No interactions were found between bacteriological status and either lactation number or pregnancy (Table 3) .
Means of CMT, SCC and log SCC according to udderhalf bacteriological status are summarized in Table 4 . In the uninfected glands no differences in CMT and SCC were found between lactations 1 and 2, but in the third and subsequent lactations there was a significant elevation of SCC, though the total SCC (as LSM) remained below 10 6 cells/ml. In the infected glands, SCC was above 2 . 5r10 6 cells/ml regardless of lactation number. The goats were dried off not later than 60 d before parturition; therefore, goats described as pregnant were 2-3 months pregnant. In both uninfected and infected glands, SCC was significantly (P <0 . 05) higher in pregnant than in non-pregnant animals (Table 4) . No interaction was found between pregnancy and lactation number in their effects on SCC or CMT (Table 3) . SCC in milk increased significantly towards the end of lactation (drying off) regardless of bacterial infection (Table 4) , and it increased with increasing DIM, irrespective of bacteriological status, flock, lactation, pregnancy and udder condition (Table 3) , with slopes of 0 . 0019 for CMT and 1 . 31 for SCC (data not shown).
Lactose and protein concentrations were significantly affected by bacteriological status and by DIM, whereas fat concentration was significantly affected only by DIM (Table 5) ; these variables were not affected by lactation number. Lactose content was significantly lower in milk from infected glands than in that from uninfected ones, and the difference was greater during pregnancy (Table 6 ). Towards the end of lactation (drying off) lactose concentration in milk decreased significantly, regardless of bacterial infection (Tables 5 and 6) , with a gradient 35 . 5 4 9 . 2 4 7 . 7 † (0) = Farm-related variations (1) = First, second, or third or higher (2) = Pregnant or not pregnant (3) = Tested against the between-animals error (4) = Tested against between-udder within-animal error (5) = Infected or not infected (6) = Left or right (7) = Normal, straggly, degenerated or ''drying off'' (8) = Not significant (NS); P > 0 . 05 of -0 . 0014 between DIM and lactose concentration (data not shown). Between-flocks variance in lactose content was not significant. Protein concentration was significantly higher in milk from infected glands than in that from uninfected ones, and the difference was greater during pregnancy (Table 6) . Towards drying off, protein concentration increased significantly in milk from uninfected glands but not in that from infected ones (Tables 5 and 6 ).
Pregnancy significantly (P <0 . 0001) affected fat concentration, regardless of the bacteriological status of the glands, and resulted in higher fat concentrations in pregnant goats : the concentration in milk from uninfected and infected pregnant goats was 54 . 1 and 51 . 6 %, respectively, compared with 44 . 9 and 44 . 7 %, respectively, in that from non-pregnant ones (Table 6 ). Towards drying-off, fat concentration decreased significantly in milk from infected glands but not in that from uninfected ones (Table 5 and 6).
Correlations between SCC and CMT in the uninfected glands were similar to those in the infected glands (y0 . 7; Table 7 ). However, there were negative correlations ( -0 . 3 < r < -0 . 5) between these variables and lactose concentration. There were intermediate positive correlations between protein concentration, on the one hand, and CMT, SCC or fat concentration on the other (Table 7) .
Discussion
To a large extent the aetiology of IMI dictates the management and veterinary strategies needed to prevent it. In the present study, y15 % of does entering lactation were already infected with bacteria, whereas y8% of those that had dried off returned with new IMI, although it cannot be ruled out that they were infected on day 1. Moreover, virtually none of the goats became infected during lactation. In light of the similar management practised in modern dairy goat and dairy cattle farming, this result is not surprising. Our results suggest that the current major preventive strategy, which focuses on preventing the acquisition of IMI by lactating animals during the course of milking, is probably ineffective in reducing the prevailing level of infection in goat flocks. Furthermore, in view of the large proportion of the yearling does joining the flock which already carry a bacterial infection in the udder, the current convention, as observed in the surveyed Israeli flocks, of mixing yearling does with multiparous ones most likely exacerbates the infection level by promoting the spread of infection from infected yearling does to bacteriafree animals. Staphylococci, Staph. aureus and CNS are the pathogens most commonly isolated from the mammary glands of goats (Kalogridou-Vassiliadou, 1991 ; Contreras et al. 1997; 1999; Menzies & Ramanoon, 2001; Haenlein, 2002; Leitner et al. 2004c ) which is consistent with the present results. In the present study, Staph. aureus was the second most prevalent group of bacterial isolates, in contrast to our previous findings (Leitner et al. 2004a) in which this bacterium was present in a small number of cases, because of culling. Thus, our present results tend to agree with the common view that infection with Staph. aureus should be considered as a major form of pathogenesis in goats (Haenlein, 2002) .
Environmental bacteria reside on the skin of the udders and teats of goats (Valle et al. 1991) whereas CNS may be found everywhere (Bergonier et al. 2003) . Thus, the common perception that infections with CNS occur during machine milking is questionable. Since environmental bacteria are opportunistic, they will infect their host whenever the immune system is suppressed. As mentioned above, lactating animals are particularly vulnerable at drying off, and before and after parturition. The low rate of infection acquisition during lactation is probably due to the recovery of the immune system, under an appropriate management regime that includes provision of clean bedding, and strict adherence to stringent udder-disinfection procedures during milking.
In the present study, IMI affected the composition of milk from the infected gland but, in most cases, that of the milk from the uninfected contra-lateral gland was not affected, which is consistent with previous findings (Leitner et al. 2004b, c) . Thus, the present results further support the notion that bacterial infection is the major cause of product (milk and curd) loss on dairy farms.
The present results also highlighted the effect of pregnancy on milk composition. In dairy cows, increased concentrations of milk fat and protein in late pregnancy did not compensate for the concomitant decrease in milk yield, so that fat and protein yields decreased during late lactation (Coulon & Perochon, 1998) . We have already shown that a moderate increase in casein degradation could account for both the reductions in milk yield and the increases in fat concentration in the milk of subclinically infected sheep, goats (Leitner et al. 2004b ) and dairy cows . We have shown before that the modestly accelerated degradation of casein that occurs in response to pregnancy-related hormonal changes ) probably relates to activation of the plasmin system, and may account for the reduction in milk yield and increase in fat concentration found in the present study. However, other studies found that towards the end of lactation, plasmin activity increased significantly in goats (Baldi et al. 1997; 2002) and dairy cows (Kelly et al. 1998 ), leading to a marked increase in casein degradation. The resulting dramatic increase in the concentration of casein degradation products might account for the simultaneous reductions of milk yield and of protein and fat concentrations at the very end of the lactation cycle (Kelly et al. 1998; Shamay et al. 2002 Shamay et al. , 2003 Leitner et al. 2004c; Silanikove et al. 2006) . We frequently noticed that in goats approaching dry off while producing small amounts of milk (about 0 . 5 l/d or less), extensive degradation reduces the casein content to a level at which milk does not curdle (unpublished observations).
Generally speaking, eliminating chronic IMI with CNS during lactation is a rather complicated procedure, and this view is supported by the present finding that none of the infected halves was spontaneously cured of the bacteria during either the dry period or lactation. Therefore, net accumulation of new infections accounts for the relatively high incidence of chronic infections in older goats (Sanchez et al. 1999; McDougall et al. 2002) . In the present study, although the dry-off treatment did not prove to be particularly successful, the aetiology of udder bacterial infection that was identified indicates that nevertheless, such a strategy should be considered as a first approach to improvement of the status of bacterial infection in goat flocks. Maintaining a low level of IMI at the flock level will increase milk production and, consequently, cheese yield and profitability.
